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(54) APPARATUS AND METHOD FOR PRODUCING CRYSTALS BY THE CZOCHRALSKI METHOD 
AND CRYSTALS PRODUCED BY THIS METHOD 

(57) A method and apparatus for producing crystals 
by the Czochraiski method whereby the thermal history 
during crystal growth according to the GZ method can 
be controlled with ease and accuracy The apparatus 
comprises a crucible for receiving a raw material, a 
heater for heating and melting the raw material, and a 
heat insulating cylinder disposed so as to surround the 
crucible and the heater, wherein a portion of the heat 
insulating cylinder that is located above an upper end of 
the heater is so configured that its inner diameter is 
larger than the outer diameter of the heater at its lower 
end, and that its inner diameter at Its upper end is equal 
to or less than the inner diameter of the heater while its 
outer diameter is equal to or greater than the outer 
diameter of the heater. This apparatus is used to pro- 
duce crystals and to control the temperature distribution 
inside the crystal producing apparatus or the thermal 
history of crystals. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an apparatus s 
used for growing crystals by the Czochralski (CZ) 
method, and to a method for producing crystals by use 
of the apparatus. 

BACKGROUND ART io 

[0002] In recent years, with increasing in the degree 
of integration and precision of semiconductor devices, 
quality requirements for semiconductor crystal sub- 
strates have tended to become stricter. Semiconductor is 
crystals are primarily produced by the CZ method, and 
every effort has been made to produce crystals having 
higher purity, lower defect density, and higher uniformity. 
Recently, it has been found that crystal defects are 
closely related not only to purity of a raw material, purity 20 
of a member used, and precision of an apparatus, but 
also to the thermal history of a crystal during its growth. 
For example, for silicon, thermal history has an effect on 
OSF (Oxidation Induced Stacking Faults), oxygen pre- 
cipitation, BMD (Bulk Micro-Defect), FPD (Flow Pattern 25 
Defect). LSTD (Laser Scattering Tomography Defect), 
and the oxide dielectric breakdown voltage. Also, for 
compound semiconductors such as GaP, GaAs. and 
inP. thermal history has a considerable effect on dislo- 
cation density and the level of such defects as function- 30 
ing as a donor or an acceptor. Accordingly, there have 
been proposed crystal-producing apparatuses having a 
variety of furnace structures that control defects in crys- 
tals through adjustment of thermal history during crystal 
growth (refer to, for example, H. Yamagishi, I. Fuseg- 35 
awa, K. Takano, E. lino, N. Fujimaki, T. Ohta, and M. 
Sakurada, Proceedings of the 1 7th International Sym- 
posium on Silicon Materials Science and Technology, 
SEMICONDUCTOR SILICON 1994, PP124-135). 
[0003] However, according to the proposed appara- 40 
fuses or methods, only the temperature at a certain 
position within a furnace can be increased or 
decreased, i.e. the entire temperature distribution within 
a furnace cannot be adjusted. Further, this control of 
temperature at a certain position within the furnace is 45 
such that the temperature of an entire grown crystal is 
increased or decreased. That is, this temperature con- 
trol has no degrees of freedom, and its accuracy is poor. 
In addition, controlling a temperature only in a specific 
temperature region is extremely difficult. Also, when a so 
temperature distribution must be changed in order to 
meet a new design requirement, an apparatus must be 
redesigned from the beginning. 
[0004] The present inventors found that when the heat 
insulating cylinder surrounding a crucible and a heater as 
used in the CZ method has a structure such that it is 
vertically divided so that a gap is formed between the 
divisions, the thermal history of a crystal and a temper- 



ature distribution within a furnace can be controlled, 
thereby solving the above-described problems. Based 
on this finding, the present inventors have proposed an 
improved technique disclosed in Japanese Patent 
Application No. 7-143586. 

[0005] However, the results of further experiments 
conducted by the inventors show that although the 
above invention permits precise control of the thermal 
history of a crystal and a temperature distribution within 
a furnace in most temperature regions, when a crystal 
must be grown to have a thermal history such that the 
cooling rate is sufficiently decreased in a specific tem- 
perature region, a controllable temperature region is 
unexpectedly narrow due to insufficient heat retaining 
capability. 

[0006] Recently, it has also been reported that crystal 
defects induced during crystal growth disappear when 
the cooling rate is sufficiently decreased in a specific 
temperature region (refer to Fujimaki et al., "Effect of 
Micro-Defect in a Single Crystal of Silicon on Oxide 
Film," UCS Semiconductor Substrate Technology Work- 
shop, ULTRACLEAN TECHNOLOGY. Vol. 7. Issue 3. 
pp. 26-). Thus, there has been demand for an apparatus 
for producing crystals in accordance with the CZ 
method in which only a specific temperature region is 
cooled accurately at a sufficiently decreased rate. 
[0007] The present invention has been accomplished 
to solve the above-described problems, and an object of 
the present invention is to provide an apparatus and 
method for producing crystals whereby the thermal his- 
tory during crystal growth according to the CZ method 
can be controlled with ease and accuracy, particularly to 
provide an apparatus and method for producing crystals 
whereby the cooling rate in a specific temperature 
region can be decreased sufficiently 

DISCLOSURE OF THE INVENTION 

[0008] To achieve the above object, the invention 
described in Claim 1 of the present specification pro- 
vides an apparatus for producing crystals according to 
the Czochralski method which comprises a crucible for 
containing a raw material, a heater for heating and melt- 
ing the raw material, and a heat insulating cylinder dis- 
posed so as to surround the crucible and the heater, 
wherein a portion of the heat insulating cylinder that is 
located above an upper end of the heater is so config- 
ured that its inner diameter is larger than the outer diam- 
eter of the heater at its lower end, and that its inner 
diameter at its upper end is equal to or less than the 
inner diameter of the heater. 
[0009] This configuration of the upper end of the heat 
insulating cylinder can efficiently prevent heat gener- 
ated by the heater from escaping vertically upward, so 
that the cooling rate in a specific temperature region can 
be decreased sufficiently 

[0010] The invention described in Claim 2 of the 
present specification provides an apparatus for produc- 
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ing crystals according to the Czochralski method which 
comprises a crucible for containing a raw material, a 
heater for heating and melting the raw material, and a 
heat insulating cylinder disposed so as to surround the 
crucible and the heater, wherein a portion of the heat 
insulating cylinder that is located above an upper end of 
the heater is so configured that its inner diameter is 
larger than the outer diameter of the heater at its lower 
end. and that its inner diameter at its upper end is equal 
to or less than the inner diameter of the heater while its 
outer diameter is equal to or greater than the outer 
diameter of the heater. 

[001 1 ] Since there is added to the invention of Claim 
1 a structural feature such that the outer diameter of the 
heat insulating cylinder at its upper end is equal to or 
greater than the outer diameter of the heater, a suffi- 
cient thickness is provided to the heat insulating cylin- 
der at its upper end, so that heat generated by the 
heater is efficiently prevented from escaping vertically 
upward, and a heat retaining property in this area can 
be secured. 

[0012] The invention described in Claim 3 of the 
present specification provides an apparatus for produc- 
ing crystals according to the Czochralski method 
described in either of Claims 1 and 2. wherein a portion 
of the heat insulating cylinder that is located above an 
upper end of the heater is so configured that its inner 
wall is tapered, i.e. the inner diameter of the portion of 
the heat insulating cylinder gradually decreases 
towards the top. 

[0013] When the inner wall of the top portion of the 
heat insulating cylinder is tapered in such a manner, 
heat generated by the heater is efficiently prevented 
from escaping vertically upward, and a temperature dis- 
tribution in this area is made more uniform without a 
point of inflection. 

[0014] The invention described in Claim 4 of the 
present specification provides an apparatus for produc- 
ing crystals according to the Czochralski method 
described in any one of Claims 1-3. wherein the heat 
insulating cylinder is made of a carbon-fiber formed 
material. 

[0015] As described above, the present invention is 
characterized by the configuration of the heat insulating 
cylinder. But. carbon-fiber formed materials may be 
used as materials of the heat insulating cylinder, which 
are generally used for heat insulating cylinders used in 
the Czochralski method. They have the advantages of 
being readily available and easy to process. 
[0016] The invention described in Claim 5 of the 
present specification provides an apparatus for produc- 
ing crystals according to the Czochralski method 
described in any one of Claims 1-4. wherein the heat 
insulating cylinder is vertically divided so that a gap is 
formed between the divisions. 
[001 7] This gap permits heat to escape in a horizontal 
direction at a certain position, to thereby enable control 
of a temperature distribution within a furnace and the 



thermal history of a crystal. 

[0018] The invention described in Claim 6 of the 
present specification provides an apparatus for produc- 
ing crystals according to the Czochralski .method 
5 described in Claim 5. wherein the heat insulating cylin- 
der has a plurality of gaps. 

[001 9] When the heat insulating cylinder has a plural- 
ity of gaps, a temperature distribution within a furnace 
and the thermal history of a crystal can be controlled 

10 more freely 

[0020] The inventions described in Claims 7, 8. and 9 
of the present specification provide the following meth- 
ods which use an apparatus described in any one of 
Claims 1-6 of the present specification for producing 

15 crystals according to the Czochralski method: a method 
for producing a crystal of silicon, germanium, GaP, 
GaAs. or InP; a method for controlling a temperature 
distribution within the apparatus for producing crystals 
by the Czochralski method; and a method for controlling 
. 20 the thermal history of a crystal produced in accordance 
with the CZ method. 

[0021] Use of the apparatuses for producing crystals 
described in Claims 1-6 of the present specification 
enables control of a temperature distribution within the 

25 furnace so as to control the thermal history of a crystal 
being grown. Thus, the apparatus of the present inven- 
tion is very useful because the generation of crystal 
defects induced by a thermal history is suppressed or 
controlled when a crystal of silicon, germanium. GaP, 

30 GaAs. or InP is produced. 

[0022] The invention described in Claim 10 of the 
present specification provides a crystal of silicon, ger- 
manium. GaP. GaAs, or InP produced in accordance 
with the method described in Claim 7. Since the thermal 

35 history during crystal growth is accurately controlled 
according to the method of the invention, the crystal has 
considerably high quality and features highly controlled 
crystal defects and the like. 

[0023] As described above, the apparatus for produc- 

40 ing crystals of the present invention can easily and 
accurately change or control the thermal history of a 
crystal produced according to the CZ method. 
[0024] Thus, it is possible to eliminate crystal defects 
through a sufficient reduction in the cooling rate in a 

45 specific temperature region that has a strong effect on 
elimination of crystal defects, thereby improving the 
quality of crystals. Further, through an increase in the 
cooling rate in a high temperature region that affects the 
rate of crystal growth, the rate of crystal growth is 

50 increased so as to improve productivity 

[0025] Accordingly, there can be reduced or controlled 
thermal-history-induced crystal defects which are gen- 
erated in aystals of silicon, germanium, GaP, GaAs. 
InP, or the like produced by the CZ method. Further, the 

55 distribution of such crystal defects can be made uni- 
form. The present invention, therefore, significantly 
improves crystal quality, yield, and productivity. Thus, 
the present invention is very useful Industrially. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

FIG. 1A - ID are schematic sectional views of an 
apparatus for producing crystals according to an 
embodiment of the present invention, wherein FIG. 
1A shows an exemplary shape of a portion of the 
heat insulating cylinder that is located above an 
upper end of the heater (the upper heat insulating 
cylinder of the present invention); FIG. 1 B is a sche- 
matic sectional view of an apparatus for producing 
crystals according to the embodiment of the 
present invention; FIG. 1C is a schematic sectional 
view of an apparatus for producing crystals accord- 
ing to another embodiment of the present invention; 
and FIG. 1D is a schematic sectional view of an 
apparatus for producing crystals according to still 
another embodiment of the present invention in 
which the heat insulating cylinder has a gap 
between the divisions. 

FIG. 2 is a graph showing measured thermal histo- 
ries for Examples and Comparative Example. • 
FIGS. 3A and 3B are schematic sectional views of 
conventional crystal-producing apparatuses, 
wherein FIG. 3A shows a fast-cooling-type aystal- 
producing apparatus and FIG. SB shows a slow- 
cooling-type crystal-producing apparatus. 

BEST EMBODIMENT FOR CARRYING OUT THE 
INVENTION 

[0027] Embodiments of the present invention will next 
be described in detail with reference to the drawings. 
But the present invention Is not limited to those embod- 
iments. 

[0028] The Inventors of the present invention paid 
attention to the structure of a heat insulating cylinder for 
use as an apparatus and method for changing or adjust- 
ing the thermal history of a crystal produced in accord- 
ance with the Czochralski method, in which heat 
insulating cylinder surrounds, for a heat retaining pur- 
pose, a crucible for containing a raw material and a 
heater for heating and melting the raw material. FIGS. 
3A and 38 exemplify conventional apparatuses for pro- 
ducing crystals in accordance with the C2 method. A 
heat insulating cylinder 5 is normally made of a carbon- 
fiber formed material and is disposed so as to surround 
a crucible 3 for containing a raw material and a heater 4 
for heating and melting the raw material. 
[0029] Conventionally, in order to change the thermal 
history of a crystal or a temperature distribution within 
the furnace, the structure of the heat insulating cylinder 
is changed in the following manner. As shown in FIG. 
3B, an upper heat insulating cylinder 6 is provided on 
the top of the heat insulating cylinder 5 to thereby 
extend the heat insulating cylinder 5 upward. Thus, heat 
in an upper space 7 of the crystal producing furnace is 



retained in order to retain the heat of a crystal 2. Alter- 
natively, the heat insulating cylinder 5 is shortened to 
thereby quickly cool the crystal 2. However, these meth- 
ods only provide a choice between retaining heat of a 

5 crystal and cooling the crystal, and cannot perform con- 
trol within a spedfic temperature region. This method 
also has a disadvantage of providing poor accuracy of 
control. For example, even when it is known that aystal 
defects induced in a crystal during its growth disappear 

10 through a sufficient reduction in the cooling rate in a cer- 
tain temperature region, the above-described methods 
cannot sufficiently decrease the cooling rate in the cer- 
tain temperature region. 

[0030] in addition, when the heat insulating cylinder is 

15 merely extended upward, heat of a crystal is retained 
and therefore the crystal is cooled less efficiently, so 
that the rate of crystal growth decreases, and productiv- 
ity decreases considerably. On the other hand the mere 
shortening of the heat insulating cylinder deteriorates 

20 the heat retaining property of the crystal producing fur- 
nace, resulting in an increased use of electric power, 
damage to the furnace, and deterioration in the effi- 
ciency of production of crystals. Accordingly, as 
described in the aforementioned literature by H. Yamag- 

25 ishi et aL (1 994), there have been designed crystal-pro- 
ducing apparatuses having a variety of furnace 
structures in which the thermal history of a crystal is 
adjusted not through use of a heat insulating cylinder 
but through use of other intra-furnace components. 

30 [0031] Conventionally, since a heat insulating cylinder 
has such a low degree of freedom in changing its struc- 
ture to thereby adjust the thermal history of a crystal, it 
has not been studied or improved very much except in 
relation to its being extended upward or shortened. 

35 [0032] However, in view of the fact that the heat insu- 
lating cylinder 5— which surrounds the heater 4 (for 
example, a carbon heater, a high-frequency induction 
coil, etc.) and the crucible 3 (formed of, for example, 
quartz, graphite, or PBN) to protect a water-cooled 

40 chamber 1 —has a determinant effect on a temperature 
distribution within a furnace operated in accordance 
with the CZ method, the inventors have devised the 
present heat insulating cylinder. 
[0033] Conventionally, in order to change the thermal 

45 history of a crystal through retaining of heat in a specific 
temperature region in the crystal-producing apparatus 
shown in FIG. 3A having a conventional intra-furnace 
structure, the heat insulating cylinder is extended 
upward as shown in FIG. 3B to thereby retain heat of a 

50 crystal. However, this upward extension results in heat 
retention in all the temperature regions and fails to 
obtain a thermal history in which heat is retained only in 
a targeted specific temperature region. In addition, 
since heat generated by the heater 4 escapes vertically 

55 upward, it is impossible to sufficiently decrease the 
cooling rate in a specific temperature region that has a 
strong effect on the elimination of crystal defects. More- 
over, when the heat insulating cylinder is merely 



7 



EP0 903 427 A1 



8 



extended upward to thereby lengthen the heat insulat- 
ing cylinder, the temperature gradient on the crystal 
growth interface becomes too small, to thereby lower 
the rate of crystal growth and significantly deteriorate 
productivity of the crystal. 5 
[0034] If the thermal history of a crystal can be 
changed through sufficiently retaining heat only in a tar- 
geted specific temperature region to thereby reduce 
crystal defects and it is prevented from affecting a high 
temperature region near the crystal growth interface io 
that affects a crystal growth rate, high quality crystals 
having reduced crystal defects can be obtained with 
high speed and high productivity. 
[0035] In view of the foregoing, through computation, 
the inventors have estimated crystal temperatures in 15 
crystal-producing apparatuses having a variety of intra- 
f urnace structures. As a result, the inventors have found 
that in order to sufficiently retain heat in a specific tem- 
perature region wherein the temperature is not higher 
than the melting point of crystals, heat must be pre- 20 
vented from escaping vertically upward. In view of the 
above-described finding, the present invention employs 
structures as shown in FIGS. 1 B, 1 C, and 1 D, wherein a 
portion of the heat insulating cylinder 5 that is located 
above an upper end of the heater 4 is so configured that 25 
its inner diameter is larger than the outer diameter of the 
heater 4 at its lower end. and that its inner diameter at 
its upper end is equal to or less than the inner diameter 
of the heater 4. This configuration adequately prevents 
heat generated by the heater 4 from escaping vertically 30 
upward and reduces escape of radiant heat dissipated 
from the crystal surface, so that the cooling rate In a 
specific temperature region can be decreased suffi- 
ciently. 

[0036] In this case, the outer diameter of the heat 35 
insulating cylinder (the upper heat insulating cylinder 
1 0) at its upper end is preferably equal to or greater than 
the outer diameter of the heater 4. This structure pro- 
vides a sufficient thickness to the heat insulating cylin- 
der at its upper end, so that heat generated by the 40 
heater is efficiently prevented from escaping vertically 
upward, and a good degree of heat retention is provided 
in this area. 

[0037] As shown in FIG. 1B, when a portion of the 
heat insulating cylinder that is located above an upper 45 
end of the heater (the upper heat insulating cylinder 10) 
is so configured that its inner wall is tapered. I.e. the 
inner diameter of the portion of the heat insulating cylin- 
der decreases gradually towards the top. heat gener- 
ated by the heater 4 is efficiently prevented from so 
escaping vertically upward, and a temperature distribu- 
tion in this area can be made more uniform without a 
point of inflection. 

[0038] Also, it has been found that the cooling rate in 
a high temperature region affecting a crystal growth rate 55 
can be increased when the heat insulating cylinder sur- 
rounding the heater 4 Is vertically divided so that there 
is formed a gap 8 as shown in FIG. 1 D. Thus, the cool- 



ing rate can be decreased sufficiently in only a specific 
temperature region, to thereby reduce crystal defects. 
Since the cooling rate is not decreased in all the other 
temperature regions, particularly a temperature region 
near the melting point that affects a crystal growth rate, 
the rate of crystal growth can be sufficiently high and 
productivity does not deteriorate. 
[0039] The above-described effect is achieved 
through the following actions. Since the inner diameter 
of the heat insulating cylinder at its upper end is equal to 
or less than the inner diameter of the heater 4, heat gen- 
erated by the heater is prevented from escaping verti- 
cally upward, so that escape of radiant heat dissipated 
from crystal surface decreases, resulting in a sufficient 
decrease in the cooling rate in a specific temperature 
region. Further, heat escapes in a horizontal direction at 
the gap 8, and therefore radiant heat dissipated from 
the crystal surface near the gap 8 increases. 
[0040] Therefore, the number of gaps and the position 
and width of each gap are important factors and may be 
determined in accordance with a temperature region 
subjected to adjustment. For example, two or more 
gaps may be provided. When the heat insulating cylin- 
der is divided into vertically divisions in order to form a 
gap to thereby control the thermal history of a crystal 
being grown in accordance with the CZ method, the gap 
is preferably formed above the surface of a melt of a raw 
material contained in the crucible, so that the effect of 
the gap acts more directly on a crystal. However, the 
position of the gap is not limited thereto. The number of 
gaps and the position and width of each gap may be 
determined appropriately in order to change and control 
an intra-furnace temperature distribution, which has an 
effect on the efficiency of production of crystals. 
[0041 ] The heat insulating cylinder may be made of a 
conventional carbon-fiber formed material or any other 
heat insulating material. Conventionally the heat insu- 
lating cylinder is integrally made of a single kind of 
material and is manufactured to have a uniform thick- 
ness. However, in the present invention, the vertical divi- 
sions of the heat insulating cylinder may be made of 
different materials and may have different thicknesses. 
This arrangement enables a user to finely control a tem- 
perature distribution to thereby control the thermal his- 
tory of a crystal. 

[0042] The heat insulating cylinder of the present 
invention may be made of a fibrous material such as a 
carbon-fiber formed material, which is used as material 
for conventional heat insulating cylinders. Such a 
fbrous material is easy to process, and thus the heat 
insulating cylinder can be readily manufactured. For 
example, a heat insulating cylinder of the present inven- 
tion may be obtained by manufacturing an upper heat 
Insulating cylinder having a shape of an upper portion of 
the heat insulating cylinder of the present invention as 
shown in FIG. 1 A and placing It on top of a conventional 
heat insulating cylinder. 

[0043] The gap 8 in FIG. 1 D may be left open or filled 
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with a material having a high heat conductivity such as 
graphite. 

[0044] Use of the apparatus for producing crystals of 
the present invention having a uniquely structured heat 
insulating cylinder enables control of a temperature dis- 
tribution within the furnace, so that the thermal history of 
a crystal being grown can be controlled. Accordingly, 
the apparatus of the present invention is applicable to 
the production of various crystals, which are generally 
produced by the CZ method. The apparatus of the 
invention is particularly useful for the production of crys- 
tals of silicon, in which the thermal history of a crystal 
has a great effect on OSF, oxygen precipitation. BMD. 
FPD, LSTD, and oxide dielectric breakdown voltage, 
and for the production of compound semiconductors 
such as GaP, GaAs, and InP. in which the thermal his- 
tory of a crystal has a great effect on dislocation density 
and a level of defects as functioning as a donor a an 
acceptor. 

[0045] Accordingly, crystals of silicon, germanium, 
GaP. GaAs. and InP produced according to the present 
invention feature a quite high quality and highly control- 
led crystal defects which are attained through precise 
control of the thermal history during crystal growth. 
[0046] Examples of the present invention will next be 
described. 

[0047] 50 kg of polysilicon material was charged into 
a quartz crucible having a diameter of 18 inches, and a 
single crystal of silicon having a diameter of 6 inches 
and a i 100) orientation was pulled In accordance with 
the CZ method. There were measured the thermal his- 
tory of a crystal produced through use of a crystal-pro- 
ducing apparatus having a conventional heat insulating 
cylinder and the thermal history of a crystal produced 
through use of a crystal-producing apparatus having a 
heat insulating cylinder of the present invention. A car- 
bon heater (resistance heating) was used. FIG. 2 shows 
the results of measurement of the thermal history of 
each crystal. In FIG. 2, the vertical axis indicates the 
passage time of each temperature region, while the hor- 
izontal axis indicates temperature. 

Comparative Example: 

[0048] A crystal was pulled in a conventional aystal- 
producing apparatus having a slow-cooling furnace 
structure as shown in FIG. 3B. A heat insulating cylinder 
was integrally made of a carbon-fiber formed material 
and had a thickness of 7 cm. The result of measurement 
of the thermal history of the crystal is represented by 
curve A in FIG. 2. 

Example 1: 

[0049] A crystal was pulled in the crystal-producing 
apparatus of the present invention as shown in FIG. 1 B. 
A portion of the heat insulating cylinder located above 
the upper end of the heater was so configured that its 



inner wail was tapered, and its inner diameter at the 
lower end was larger than the outer diameter of the 
heater by 60 mm. and its inner diameter at the upper 
end was less than the inner diameter of the heater by 20 

5 mm. The result of measurement of the thermal history 
of the crystal is represented by curve B in FIG. 2. 
[0050] From the results, it is understood that in ail the 
temperature regions, the xooling rate decreases and 
more heat is retained as compared to the case of the 

10 conventional slow-cooiing-type crystal-producing appa- 
ratus. Thus, the cooling rate in the temperature region 
that has a strong effect on the elimination of crystal 
defects can be decreased sufficientiy. so that crystal 
quality can be improved. 

15 

Example 2: 

[0051] A crystal was pulled in the crystal-producing 
apparatus of the present invention comprising a heat 

20 insulating cylinder having a gap as shown in FIG. 1 D. 
The apparatus used in this example was the same as 
that used in Example 1 except that a gap was formed in 
the heat insulating cylinder. The gap was formed at the 
lower end of the tapered portion of the heat insulating 

25 cylinder to have a width of 3 cm. The result of measure- 
ment of the thermal history of the crystal is represented 
by curve C in FIG. 2. 

[0052] As can be seen from FIG. 2, compared with the 
case of the conventional slow-cooling-type crystal-pro- 

30 ducing apparatus, the cooling rate is decreased suffi- 
ciently in the temperature region of 1050**C-1200°C, 
while the cooling rate is increased in temperature 
regions not lower than 1200''C. Further, the average 
crystal growth rate in the Comparative Example was 0.9 

35 mm/min.. white in Exanple 2 the crystal was able to be 
pulled at a high speed of 1 .2 mm/min. 
[0053] Accordingly, the cooling rate could be 
decreased sufficiently in a specific temperature region 
having a strong effect on the elimination of aystal 

40 defects (1050^C-1200°C in this case), and by contrast 
the cooling rate could be increased in a high tempera- 
ture region having a strong effect on a crystal growth 
rate. 

[0054] The present invention is not limited to the 
45 above-described embodiment. The above-described 
embodiment is a mere sample, and those having the 
substantially same structure as that desaibed in the 
appended claims and providing the similar action and 
effects are included in the scope of the present inven- 
50 tion. 

Claims 



1. An apparatus for producing crystals according to a 
55 Czochraiski method which comprises a crucible for 
containing a raw material, a heater for heating and 
melting the raw material, and a heat insulating cyl- 
inder disposed so as to surround the crudble and 
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the heater, characterized in that a portion of the 
heat insulating cylinder that is located above an 
upper end of the heater is so configured that its 
inner diameter is larger than the outer diameter of 
the heater at its lower end. and that its inner diame- 5 
ter at its upper end is equal to or less than the inner 
diameter of the heater. 

2. An apparatus for producing crystals according to a 
Czochralski method which comprises a crucible for 10 
containing a raw material, a heater for heating and 
melting the raw material, and a heat insulating cyl- 
inder disposed so as to sun-ound the crucible and 
the heater, characterized in that a portion of the 
heat insulating cylinder that is located above an is 
upper end of the heater is so configured that its 
inner diameter is larger than the outer diameter of 
the heater at its lower end, and that its inner diame- 
ter at its upper end is equal to or less than the inner 
diameter of the heater while its outer diameter is 20 
equal to or greater than the outer diameter of the 
heater. 



according to a Czochralski method described in any 
one of Claims 1-6. 

9. A method of controlling the thermal history of a 
crystal produced in accordance with the CZ method 
through use of an apparatus for producing crystals 
according to a Czochralski method described in any 
one of Claims 1-6. 

10. A crystal of silicon, germanium, GaP, GaAs. or InP 
produced in accordance with the method described 
in Claim 7. 



3. An apparatus for producing crystals according to a 
Czochralski method according to Claim 1 or 2, 25 
characterized in that a portion of the heat insulating 
cylinder that is located above an upper end of the 
heater is so configured that its inner wall is tapered 
such that the inner diameter of the portion of the 
heat insulating cylinder gradually decreases 30 
towards the top. 



4. An apparatus for producing crystals according to a 
Czochralski method according to any one of Claims 
1-3, characterized in that the heat insulating cylin- 35 
der is made of a carbon-fiber formed material. 



5. An apparatus for producing crystals according to a 
Czochralski method according to any one of Claims 
1 -4, characterized in that the heat insulating cylin- 40 
der is vertically divided so that a gap is formed 
between the divisions. 



6. An apparatus for producing crystals according to a 
Czochralski method according to Claim 5, charac- 45 
terized in that the heat insulating cylinder has a plu- 
rality of gaps. 

7. A method of producing a crystal of silicon, germa- 
nium, GaR GaAs. or InP through use of an appara- so 
tus for producing crystals according to a 
Czochralski method described in any one of Claims 
1-6. 



8. A method of controlling a temperature distribution ss 
within the crystal-producing apparatus that is oper- 
ated in accordance with the Czochralski method 
through use of an apparatus for producing crystals 
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